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[57] ABSTRACT

A device for measuring force of bending of a head-flex-
ure assembly including a load cell with a cell reference
surface slidably mounted on a base having a reference
surface, a shaft threaded into theload cell with a first
thread and threaded into the base with a second thread

so that by turning the shaft, the distance between the

two reference surfaces can be very accurately adjusted
providing that the device can be calibrated to an accu-
racy of less than ten milligrams.

4 Claims, 1 Drawing Sheet
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DEVICE FOR PRECISE MEASUREMENT OF
FORCE '

BACKGROUND

1. Field of the Invention
This device relates to devices for measuring force and
particularly to a device that measures the force exerted
by the flexure spring that supports a magnetic recording

head.
2. Prnior Art and Informatio Disclosure Statement

Disk files for magnetic recording include a one or
more magnetic recording heads held against a rotating
memory disk. The surface of the head facing the mov-
ing disk surface i1s contoured so that an airbearing is
generated at the interface (the region between the two
surfaces) that maintains the separation of the two sur-
faces. The separation for present day disk files is less
than five microinches. It must be maintained very accu-
rately, 1.e. within a microinch in order to maintain a
uniform predictable recording signal from the head and
in order to help prevent contact between the two sur-
faces that would lead to damage of the recording sur-
face. The force that maintains the head at this spacing
from the disk is very small, typically grms. and must be
maintained at a precise value.

The standard construction for supporting the head is
a leaf spring or flexure of a thin metal sheet, typically
about an inch or so long and one half an inch wide in
todays diskfiles. The head is secured at one end of the
broad side of the flexure facing the disk. The other end
of the flexure 1s clamped to the arm of an actuator that
positions the head on the desired recording track on the
disk surface. The precise value of force applied by the
‘head against the disk can only be achieved by accu-
rately positioning the clamping location with respect to
the disk surface and by accurately controlling various
factors that influence fexing of the flexure. These fac-
tors include, dimensions of the flexure (including thick-
ness), the location of the head on the flexure relative to
the clamping location, residual stresses in the flexure
that might affect flatness of the flexure in the unstressed
condition, etc. Because of the criticality of the head
force load and the numerous factors that must be con-
trolled to achieve the required head load force, it is
standard practice to test the ﬂexing properties of each
“head-flexure assembly before it is built into the diskfile
assembly.

A device and method for testing the force character-
istics of the head flexure assembly has been developed
by the Automatech Corporation located in Santa Cruz,
Calif.

The test device includes a reference plate having a
plate reference surface.

A load cell is mounted on the plate reference surface
and has a cell reference surface against which the force
to be measured is applied thereby generating an elec-
tronic signal. The signal is displayed as force against the
cell surface expressed in grams.

The device is calibrated by resting a precisely known
calibrating weight on the cell reference surface then
adjusting electronic parameters of the measuring circuit
until the displayed value of force equals the calibrating
weight. This procedure ensures that the cell display will
present an accurate measurement of the force exerted
against the cell reference surface.

Next, a test yoke is placed on the reference surface
straddling the cell reference surface so that a reference
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surface on the yoke faces the cell reference surface. The
legs of the yoke have been precisely machined so that
the difference between the height of the reference sur-
face on the yoke above the plate reference surface and
the height of a flexure clamp surface above the plate
reference surface equals a value corresponding to the
distance of the flexure clamping surface on the file from
the disk surface. Then a screw connecting the cell to the
reference plate is turned to bring the cell reference
surface into contact with the yoke reference surface.
Contact of the cell reference surface with the yoke

- reference surface is that position of the screw where the
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display of force jumps from zero to a value greater than
ten milligrams (since the display of present devices will
read no smaller than ten milligrams and the present

- screw arrangement allows for no controlled adjustment
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finer than ten milligrams.

The steps described in the two preceding paragraphs
are the steps required to calibrate the force testing de-
vice to display the correct force when the flexure is
clamped in the test device with the head in contact with
the cell reference surface so that the flexure is bent an
amount equal to the bend that is imposed on the same
flexure when mounted in the disk file. |

The quality control procedure is to place each head-
flexure assembly in the calibrated test fixture so that the
test device will display a force that must be within
prescribed limits in order for it to be accepted for
mounting 1nto a disk file. The device according to the
prior art displays a value of force out to hundredths of
a gram thereby requiring a requirement to calibrate the
device to within a hundredth of a gram.

The present trend in disk files is toward ever smaller
disk files requiring smaller head loading forces and
calibration procedures that are mor precise than ten
milligrams.

THE INVENTION
Objects

It 1s an object of this invention to provide a device for
accurately bending a head-flexure assembly with one
end of the flexure clamped and the other end secured to
the head with the head in contact against a surface and -
measuring the force exerted by the head against the
surface.

It is another object that the force be measured within
an accuracy of one milligram.

It 1s another object that the device be capable of
calibration to an accuracy of a milligram. |

Summary

This invention is directed toward a device for mea-
suring force of a head-flexure assembly featuring a load
cell and a double threaded shaft to move a reference
surface on the load cell into contact with a reference
surface thereby providing very accurate control in cali-
brating the device.

The load cell is secured to a first reference surface of
a plate having a second reference side opposite the first
reference side. A clamping fixture has a reference sur-
face spaced securely above the plate reference surface
so that the flexure may be clamped to the clamping
surface with the head in contact with the cell reference
surface to apply a force that is displayed by the circuitry
associated with the load cell. -
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DRAWINGS

FIG. 1 shows a cross sectional view of the force
measuring device of this invention.

FIG. 2 shows the electronic circuitry that is used in
conjunction with the device shown in FIG. 1

FIG. 3 shows the the first step in calibrating the force
measuring device. _

FI1G. 4 shows the second step in calibrating the force
- measuring device.

DESCRIPTION OF A PREFERRED
EMBODIMENT

The following detailed description illustrates the
invention by way of example and not by way of limita-
tion of the principles of the invention. This description
will clearly enable one skilled in the art to make and use
the invention and describes embodiments and modifica-
tions including what I presently believe to be the best
mode for carrying out the invention.

Turning to a description of the drawings, FIG. 1
shows a force measuring device of this invention. There
is shown supported on a base 11, a reference plate 12
having a clamping fixture including a fixed jaw 14 and
a movable jaw 16 that i1s hingably supported on the
reference plate 12 by fulcrum 18 and spring loaded to
the closed position by spring 13. The jaws are opened
by pressing on movable jaw 16 at location 20 to permit
insertion of the clamped end of the flexure 19 between
the jaws where it is centered by taper end 22 centered to
hole 24 1n jaw 14 and hole 21 1in the flexure 19. The
surface at the end of the flexure is clamped against base
reference surface 26 which is spaced very accurately
above plate reference surface 28 according to the re-
quired amount of bend in the flexure. The load cell
assembly 30 1s slidably mounted on a post 32 secured at
one end to the reference plate 12. The recording head
23 of the head-flexure assembly rests against a cell refer-
ence surface 27 of a stool 33 extending from load cell
~ assembly 30. Therefore, the distance of the cell refer-
ence surface 27 can be selected by a coarse adjustment
made by turning bushing 47 which is tapered to fit a
hole in plate 12 and a fine adjustment made by turning
shaft 39 which is threaded mto bushing 47 with one
thread 35 and into the load cell 30 with another thread
36. Bushing 47 is tapered to provide a close fit between
the bushing and plate.

The load cell assembly 30 includes a frame with four
sides with two narrow sections 38 on each of two op-
posing legs. Four strain gages 40 and 41 are shown with
a strain gage located adjacent to each narrow section
38.

The strain gages may be connected as members of a
wheatstone bridge (see FIG. 2) having a power supply
42, amplifier 44 and display 46 connected to the bridge.
Operation of wheatstone bridges are well known for
this purpose. When a force is exerted against cell refer-
ence surface 27, tension 1s applied to strain gages 41 and
compression 1s applied to gages 40 thereby generating a
signal that 1s read as a force on display 46 in FIG. 2.

The method of calibrating the device 1s described
with reference to FIG. 3 and FIG. 4.

Referring to FIG. 3, in the first step a standard
weight 48 (e.g., 100.00 grams) is placed on the reference
surface 27 and adjustments are made to the circuit (am-
plifier and/or display) to display, (e.g., 100.00 grams.)

Referring to the second step illustrated in FIG. 4, the
weight 48 is removed and a yoke 30 1s placed on the
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reference plate 12. The legs 52 have been carefully
machined to establish the required distance between
plate reference surface 28 and yoke reference surface
56. First bushing 47 the shaft to shift axially without
turning thereby coarsely adjusting the position of shaft
39. Then with the bushing stationary, the shaft 39 is
turned causing the cell to slide on the shaft 32 for fine
adjustment to a position where cell reference surface 27
barely touches yoke reference surface 56 as indicated by
the jump of the display 46 (FIG. 2) from 000.000 to
000.001, 1.e., less than 10 milligrams. By this procedure,
the cell reference surface 27 has been located at a dis-
tance from the base reference surface 26 equal to the
operating distance between the recording surface and
the flexure support surface of a disk drive so that when
a flexure whose force characteristics are to be tested is
clamped against the base reference surface 27, the head
23 will exert a force between the cell reference surfface
27 and the base reference surface 26 exerted between
the head on the recording surface and the flexure sup-
port surface in-a disk drive. The yoke used to calibrate
the fixture as described above depends on the specifica-
tions of the disk drive. The device has now been fully
calibrated by bringing the cell reference surface 27 into
contact with the yoke reference surface 56 when the leg
reference surfaces on the ends of legs 52 are referenced
to base reference surface 26.

The force exerted by the flexures may now be mea-
sured by clamping the clamping end of the flexure 19

- between the clamping jaws, 14 and 16 with the head 23
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resting against the cell reference surface 27.

The ability to adjust the position of the cell reference
surface 27 by controlling the force of the cell reference
surface against the yoke reference surface with the two
threaded shaft 33 is a major feature of this invention. A
number of thread combinations could be selected to
produce the required effect but to illustrate, if thread 35
were thirty six threads per inch and thread 36 were
forty threads per inch, then rotating the shaft 33 one
complete turn would shift the cell reference surface by
only 0.002 inches thereby providing that adjustments of
calibration in the range of one milligram can be
achieved.

In the foregoing paragraphs, an embodiment has been
described which meets the objects of the invention. A
device has been described for measuring force applied
by controlled flexing of a head-flexure assembly
wherein accuracy of calibration of the device can be
controlled to less than 10 milligrams. Modifications to
the embodiment may occur to one after studying the
description and drawings which are within the scope of
the invention. For example, the double threaded shaft
may be replaced by a first tube having one thread on the
inside and another thread on the outside with the stool
providing the cell reference onto the surface supported
on a second tube that is threaded onto the outside of the
first tube. The load cell may comprise a different ar-
rangement of strain gages. The reference plate may be
replaced by a reference base having a shape different
from a plate. We therefore wish our invention to be

defined by the scope of the appended claims and in view
of the specification if need be.

We claim:

1. A device for measuring an absolute force applied

between two surfaces separated by a required distance
which comprises:
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a base means for supporting a load cell and having a
plate reference surface on top of said base means
and an area having a first threaded hole;

a clamp means attached to said base means adapted
for clamping a flexure end of a head flexure against
a base reference surface with a head of said head
flexure resting against said cell reference surface;

a load cell assembly with a cell reference surface
facing said base reference surface and spaced there-
from and a second threaded hole in said cell assem-
bly wherein a difference between said number of
threads per inch of said first thread and said num-
ber of threads per inch of said second thread equals
a sensitivity value;

a slide means supported by said base means for slid-
ably supporting said load cell assembly permitting
said cell reference surface to be slidably located at
an arbitrary distance in a range including said re-
quired distance from said base reference surface;

a shaft having a first end and a second end, first and
second threaded ends respectively threaded into
said first threaded hole and said second threaded
hole such that, by turning said shaft, said load cell
assembly will slide on said slide means to a location
and secured where a distance between said cell and
base reference surfaces is said required distance

within said range of distances;
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6
means mounted on said load cell for eliciting a signal
response to a force applied between said base refer-
ence surface and said cell reference surface.
means communicating with said signal eliciting mens
for computing a value of said force from said signal
and displaying said value. |
2. A device as in claim 1 wherein said first threaded
hole 1s in a bushing rotatably positioned in a third hole
in the base such that said load cell may be positioned
coarsely by rotating said bushing without rotating said
shaft thereby moving shaft supporting said load cell
assembly over a first distance in a direction parallel to
said shaft, then rotating said shaft without turning said
bushing such that said shaft turns in said first and second
threaded holes thereby moving said load cell assembly
over a second distance which is controllable to a toler-
ance determined by said sensitivity value.
3. A device as in claim 1 which further comprises:
a display means operably connected to said load cell
to provide a display of force exerted against said
cell reference surface. |
4. A device as in claim 1 which comprises a yoke
means having two parallel legs, each leg having a first
end with a leg reference surface, and a second end con-
nected to a cross member with a yoke reference surface
facing said leg ends such that, when said leg reference
surface is referenced to said base reference surface, said
yoke reference surface is permitted to contact said cell

reference surface by turning said shaft.
” x * % * X
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